Identification and characterization of the Staphylococcus aureus gene cluster coding for staphyloferrin A.
Siderophores are key virulence factors that allow bacteria to grow in iron-restricted environments. The Gram-positive pathogen Staphylococcus aureus is known to produce four siderophores for which genetic and/or structural data are unknown. Here we characterize the gene cluster responsible for producing the prevalent siderophore staphyloferrin A. In addition to expressing the cluster in the heterologous host Escherichia coli, which confers the ability to synthesize the siderophore, we reconstituted staphyloferrin A biosynthesis in vitro by expressing and purifying two key enzymes in the pathway. As with other polycarboxylate siderophores, staphyloferrin A is biosynthesized using the recently described nonribosomal peptide synthetase independent siderophore (NIS) biosynthetic pathway. Two NIS synthetases condense two molecules of citric acid to d-ornithine in a stepwise ordered process with SfnaD using the delta-amine as a nucleophile to form the first amide followed by SfnaB utilizing the alpha-amine to complete staphyloferrin A synthesis.